ABSTRACT: Primiparous ewes born as singletons to Rambouillet × Columbia crossbred ewes fed either 100% of NRC recommendations (control, Con; n = 7) or 50% of NRC (nutrient restricted, NR; n = 7) from d 28 through 78 postmating were utilized for this study. At 1 yr of age, a subset of ewes born to Con (n = 4) and NR (n = 4) mothers received jugular catheters and were subjected to a corticotrophin-releasing hormone (CRH)/arginine vasopressin (AVP) challenge, an ACTH challenge, and an isolation stress test, in which ACTH and cortisol responses were determined. A week after these challenges, estrus was monitored twice daily in all ewes from Con (n = 7) and NR mothers (n = 7). Once estrus was observed (d 0), daily blood samples were collected from ewes for progesterone through the subsequent estrus. Estrous detection and daily blood sampling were repeated during an estrous cycle in the next year, ewes were hand mated at the second estrus, and pregnancy was determined by delivery of a live lamb(s). Ewes from NR mothers tended (P = 0.10) to have a greater peak ACTH response after an intravenous CRH/AVP injection than ewes from Con mothers. The cortisol response of ewes to a CRH/AVP or ACTH challenge was not influenced by maternal nutrition. In contrast, ewes from Con mothers tended (P = 0.10) to release more ACTH in response to the isolation stress test and showed a greater (P = 0.04) cortisol release than ewes from NR mothers. Ewes from NR mothers exhibited decreased (P < 0.05) plasma progesterone in both yr 1 and 2 of the study compared with ewes from Con mothers. Furthermore, fewer (P < 0.0001) ewes from NR mothers produced a lamb (1 of 7) than ewes from Con mothers (7 of 7) during yr 2 of the study. These findings indicate that maternal undernutrition during early gestation may affect stress responses by the offspring, but has limited impact on hypothalamopituitary-adrenal sensitivity. Furthermore, offspring of NR ewes exhibited reduced progesterone secretion during the luteal phase of their estrous cycles and a markedly reduced fertility compared with offspring from Con ewes.
INTRODUCTION
Intrauterine challenges such as exposure of mothers to poor maternal nutrition or inappropriate concentrations of stress hormones for the current stage of fetal development have been linked to a predisposition to development of adult diseases like heart disease, hypertension, stroke, and diabetes in human and animal offspring (Barker, 1998; Gluckman and Hanson, 2004) . Our model of early gestational nutrient restriction in the ewe resulted in mid-gestational fetal intrauterine growth restriction (IUGR), altered organ development, and reduced nephron numbers Gilbert et al., 2007) . When ewes on this experimental paradigm were realimented to requirements and allowed to lamb, their offspring exhibited similar birth weights; however, at 2 mo of age, lambs from nutrient-restricted ewes were heavier and remained heavier up to 12 mo of age and had increased baseline glucose concentrations and greater glucose and insulin concentrations to an intravenous glucose bolus than lambs from ewes fed to requirements (Burt et al., 2007; Ford et al., 2007) .
Nutrient restriction is known to permanently modify hypothalamic-pituitary-adrenal (HPA) development and function in many species including the sheep (Kapoor et al., 2006) . Humans that were IUGR during gestation have a blunted activation of the HPA axis in response to a stressful stimulus (Schaffer et al., 2009 ). The HPA axis exerts profound, mostly inhibitory effects on the reproductive axis through secretion of corticotrophin-releasing hormone (CRH) which inhibits hypothalamic GnRH secretion, and by glucocorticoid activity, which inhibits pituitary LH and ovarian steroid secretion (Mastorakos et al., 2006) . Nutrient restriction of ewes exerts a negative effect on fetal ovary development (Rae et al., 2001) . Furthermore, offspring of undernourished mothers exhibit reduced ovulation rates and fecundity compared with offspring of ewes fed to NRC requirements (Meikle and Westburg, 2001; Rae et al., 2002) . Therefore, this study was conducted to investigate the potential link between maternal nutrient restriction during the early gestation and altered HPA function and fertility in their female offspring.
MATERIALS AND METHODS
All procedures were approved by the University of Wyoming Animal Care and Use Committee.
Rambouillet × Columbia crossbred ewes (4 to 5 yr of age, 2 or 3 parity) were used to produce the ewe lambs studied here. The protocol for early to mid-gestational maternal nutrient restriction of these ewes was identical to that described by Vonnahme et al. (2003) . Briefly, ewes were fed alfalfa hay at ~2% of their BW from 60 d before mating to 20 d postmating. Ewes were checked for estrus twice daily and bred to the same ram at estrus and 12 h later. On d 21 postmating, ewes were weighed and placed into individual pens (2 × 3.5 m) and fed a ration of pelleted beet pulp (93.5% DM, 79% TDN, and 10% CP) at 100% of NRC (1985) requirement for maintenance based on metabolic BW (BW 0.75 ) of an early pregnant ewe. A vitamin-mineral premix [51.4% sodium triphosphate, 47.6% potassium chloride, 0.4% zinc oxide, 0.1% cobolt acetate, and 0.5% ADE vitamin premix (17,000,000 IU of vitamin A, 1,700,000 IU of vitamin D 3 , 900,000 IU of vitamin E per kg)] was fed to meet NRC requirements. At d 28 postmating, ewes were randomly assigned to remain on 100% of NRC requirements (control, Con) or were fed 50% of the control diet (nutrient restricted, NR). At d 45 postmating, pregnancy was confirmed by ultrasonography (Ausonics Microimager 1000 sector scanning instrument; Ausonics Pty Ltd., Sydney, Australia). Body weights were recorded weekly throughout gestation, and diets were adjusted accordingly. In the study of Vonnahme et al. (2003) , 100% of fetuses (male and female) recovered at mid gestation from NR ewes on this protocol were IUGR, as characterized by markedly reduced fetal weights and measurements, and exhibited asynchronous changes in organ weight indicative of IUGR (McMillen et al., 2001) . At d 79 of gestation, all NR ewes were realimented to the control diet. From d 105 until parturition, rations fed to all ewes (Con and NR) were increased in accordance with NRC (1985) recommendations for late gestation ewes. Lambing was allowed to occur naturally in all ewes, and only singleton female offspring from Con and NR ewes were utilized in this study.
After lambing, all ewes were given free-choice access to alfalfa hay. Before 2 wk of age, 14 singleton ewe lambs (7 from Con ewes and 7 from NR ewes) were taildocked as per Federation of Animal Science Societies recommendations (FASS, 1999) . Ewe lambs were given free access to a standard commercially available creep feed (Lamb Creep B30 w/Bovatec, Ranch-way Feeds, Ft. Collins, CO) from birth to weaning. At 4 mo of age, ewe lambs were weaned and placed together into an outdoor housing facility with shelter and ad libitum water. These 14 ewe lambs were maintained in accordance with NRC (1985) requirements for replacement ewes. Diet consisted of a 65% alfalfa hay and 35% corn mixture. To satisfy NRC phosphorus requirements, the corn mixture was enhanced with tripoly mineral mix, such that 99.25% of the mixture was corn and 0.75% was tripoly. Diets were adjusted up for BW gain every month. Ewe lambs were fed this diet until 8 mo of age, at which time they were switched to an ad libitum alfalfa hay diet.
To determine the responsiveness of different components of the HPA axis, a series of challenges were conducted on these female offspring at 1 yr of age. Ewes were placed in metabolism crates for 2 wk before an indwelling jugular catheter (polyvinyl tubing, 0.5-mm internal diameter, Fisher Scientific, Pittsburgh, PA) treated with a tridodecylmethylammonium chloride heparin complex, Polysciences Inc., Warrington, PA) to prevent clotting (Ford et al., 1984) was placed in a jugular vein via venipuncture through the overlying skin with a 12-ga needle in 4 Con and 4 NR ewes selected at random. Catheters were sutured in to the skin to secure them and then covered with a netting material (Surgilast Tubular elastic dressing retainer, Derma Science Inc., Princeton, NJ), before the ewes were placed in metabolism crates and given ad libitum alfalfa pellets and water. Catheters were flushed every 12 h with heparinized saline. Ovine CRH, human arginine vasopressin (AVP), and human ACTH were all purchased from Sigma Chemicals (Sigma-Aldrich, St. Louis, MO). Three days after catheter placement, a CRH/AVP challenge was conducted as previously reported by Bloomfield et al. (2003) with the following modifications. Jugular blood samples (~6 mL) were collected into chilled tubes (heparin plus NaF; 2.5 mg/ mL; Sigma-Aldrich) at −30, −15, and 0 min relative to treatment with 0.5 µg/kg of CRH and 0.1 µg/kg of AVP in saline based on the BW of the ewe given as an intravenous bolus (2.0 to 3.0 mL) delivered in less than 2 s. The combined dose of CRH and AVP was chosen to equal those known to produce a good ACTH response in postnatal sheep at a similar age to those reported here (Sloboda et al., 2007) . Then jugular blood samples were obtained at 2, 5, 10, 20, 30, 60, 90, 120, 180 , and 240 min after CRH/AVP infusion. All blood samples were immediately placed on ice and then centrifuged at 2,500 × g for 15 min at 4°C, and plasma was collected and stored at −80°C. On the next day, an ACTH challenge was conducted similarly to that reported by Turner et al. (2002) with slight modifications. Jugular blood samples (~6 mL) were obtained at −60, −45, −30, −15, and 0 min relative to a 0.2 µg/kg intravenous bolus infusion of ACTH in saline (2.0 to 3.0 mL) in less than 2 s. Blood samples were collected at 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 , and 150 min after ACTH infusion. The ACTH infusion and plasma were obtained as previously described for the CRH/AVP challenge.
Eleven days after catheter placement, an isolation stress test was conducted. A blood sample (~6 mL) was obtained from each ewe in her metabolism crate while she was still housed with the other animals (−15 min). The ewe was then transported to an empty room in her metabolism crate and isolated from the investigators with a curtain. Two additional blood samples (~6 mL) were collected from the indwelling catheter, which was passed through the curtain at −5 min and 0 min. Immediately after the 0-min blood sample was collected, the lights in the room in which the animal was placed were turned off and a robot programmed to move randomly, as well as activate a siren, and a strobe light was activated for a 1-min period. While in the still-darkened room, jugular blood samples (~6 mL) were collected at 2, 5, 10, 15, 20, 30, 45, 60, 80, 100, 120 , and 150 min after the robot was turned on, and plasma was obtained as previously described for the CRH/AVP challenge. After collection of the 150-min blood sample, the animal was returned to the animal room, and the next animal commenced the protocol. Catheters were removed from all animals after the isolation stress test of the last animal, and all ewes were returned to their outdoor pen.
A week after being returned to their outdoor pen (October 1), all ewes (7 Con and 7 NR) were observed for 30 min twice daily for signs of estrus with the aid of a vasectomized ram equipped with a marking harness. The first day of estrus was considered d 0. Once estrus was observed, 4 randomly selected Con ewes and 4 randomly selected NR ewes and daily blood samples (~6 mL) were collected though the next estrous period via jugular venipuncture into chilled tubes (sodium heparin, 143 USP units, Becton Dickinson, Franklin Lakes, NJ), and plasma was collected and processed as previously described and then frozen at −80°C. The next October, the same protocol of estrous detection and blood collection was repeated on the same 4 ewes in each group, except that at the second estrus, these ewes were mated to an intact ram. After hand mating each ewe to the intact ram, the ram remained with the ewes for an additional 45-d breeding period, and pregnancy was determined by delivery of lambs. Estrous cycle length was determined as the interval between the 2 observed estruses for each ewe.
Hormonal Measurements
Concentrations of ACTH were determined as described previously by Gilbert et al. (2005) using an Immulite 1000 immunoassay analyzer with a sensitivity of 9 pg/mL (Siemens Medical Solutions, Malvern, PA), which resulted in intraassay and interassay CV of <5%. Concentrations of cortisol were determined as described previously by Dong et al. (2008) using Coat-A-Count Cortisol RIA with a sensitivity of 0.5 µg/dL (Siemens Medical Solutions Diagnostics, Los Angeles, CA) with an intraassay and interassay CV <5%. Plasma progesterone concentrations were determined from the daily blood samples from yr 1 and 2 using a Coat-A-Count Progesterone RIA with a sensitivity of 0.25 ng/mL (Siemens Medical Solutions Diagnostics) with an intraassay and interassay CV <4%. When 5 ng of progesterone was added to 1-mL aliquots of sheep plasma containing 0.21 to 21.67 ng/mL of progesterone (n = 11), an overall recovery of 97.7 ± 1.2% was achieved. Additionally, when 4 different dilutions (1.25-, 1.67-, 2.5-, and 5-fold dilutions) of each of 7 randomly chosen plasma samples were assayed and the recovered values were plotted, the slopes of the inhibition curves were similar to that of the standard curve (P = 0.86).
Statistical Analyses
Data are presented as least squares means ± SEM, and differences considered significant at P ≤ 0.05, with a tendency at P ≤ 0.10. Graphpad Prism (GraphPad Software Inc., La Jolla, CA) was used to calculate the area under the curve (AUC) for plasma cortisol and ACTH response curves after CRH/AVP infusion and the isolation stress test, along with plasma cortisol response after ACTH challenge. Plasma progesterone concentrations during the estrous cycle for each year of the study along with plasma cortisol and ACTH response after CRH/AVP infusion and the isolation stress test, along with plasma cortisol response after ACTH challenge were analyzed as repeated measures using MIXED procedure (SAS Inst. Inc., Cary, NC) with treatment and date or time and their interaction in the model statement. Animal within treatment was used as the error term of the repeated measures analyses for treatment effects, and the pooled residual was used as the error term for time all interactions of time. Areas under the curves for ACTH and cortisol during CRH/AVP and the isolation stress test and cortisol release during ACTH challenge, estrous cycle length in yr 1 and 2, and numbers of ewes producing lambs in yr 2 were analyzed using the GLM procedure of SAS with treatment in the model. Group differences in pregnancy rate were evaluated by chi-squared analysis.
RESULTS
On d 28 of gestation, BW of Con ewes and NR ewes were similar, averaging 75.2 ± 3.1 kg, whereas on d 78 of gestation, Con ewes had gained 7.2 ± 0.7%, whereas NR ewes had lost 8.2 ± 0.5% in BW. Body weights of selected Con ewes and NR female offspring at placement of catheters at just over 12 mo of age were similar, averaging 80.0 ± 1.5 kg and 83.2 ± 2.6 kg, respectively.
There was a tendency for a treatment × time interaction (P = 0.10) for the ACTH response ( Figure 1A ) during the CRH/AVP challenge. Ewes from NR mothers had greater (P < 0.05) ACTH release at 2, 5, and 10 min after an intravenous CRH/AVP injection than ewes from Con mothers. However, the ACTH response of ewes from NR mothers to CRH/AVP challenge was similar to that of ewes from Con mothers over the whole sampling period as indicated by the total AUC (P = 0.3; Figure 1a ). The cortisol response ( Figure 1B) to the CRH/AVP challenge increased to maximal concentrations between 20 and 30 min after infusion and then decreased progressively through 90 min, then remained relatively constant thereafter (time; P < 0.0001). However, maternal nutrient intake during early gestation did not influence (P = 0.52) cortisol concentrations of their offspring or total AUC ( Figure 1B ; P = 0.6) during the CRH/AVP challenge.
The cortisol response (Figure 2 ) to an intravenous ACTH challenge increased to maximal concentrations at 20 to 30 min after infusion and then progressively returned to basal concentrations by 100 min postinfusion, remaining relatively constant thereafter (time P < 0.0001). Maternal nutrient intake did not influence (Figure 2 ; P = 0.6) offspring cortisol response to ACTH infusion or the total AUC (P = 0.8).
The ACTH response ( Figure 3A ) during the isolation stress test tended (P = 0.09) to increase after relocation and exposure of the ewes to the robot. Additionally, maternal nutrition did not influence the pattern of offspring ACTH response (P = 0.16). However, ewes from Con mothers tended ( Figure 3A ; P = 0.1) to release more ACTH over the whole period of the isolation stress test than offspring from NR mothers as indicated by the increased total area under the ACTH response curve. Cortisol release ( Figure 3B ) during the isolation stress test increased from baseline at −15 min to 10 to 15 min after the robot was turned on. Ewes from Con mothers had increased ( Figure 3B ; P = 0.04) cortisol release during the stress test when compared with ewes from NR mothers as indicated by the repeated measures analysis and also total area under the cortisol response curve.
In yr 1, estrous cycle length was reduced (P < 0.05) in yearling ewes from NR mothers compared with ewes from Con mothers (18.0 ± 0.1 vs. 19.5 ± 0.3 d, respectively). In yr 2, these same ewes, now 2 yr old, had similar (P > 0.10) estrous cycle lengths (20.3 ± 1.1 vs. 19.8 ± 0.5 d respectively) regardless of the diet of their mothers. Figure 4 depicts plasma progesterone concentration during the estrous cycles of Con and NR ewes for yr 1 (yearling ewes; Figure 4A ) and yr 2 (2 yr old ewes; Figure 4B ). Offspring from NR ewes had decreased (P < 0.05) plasma progesterone concentrations as indicated by repeated measure analysis in both years compared with offspring from Con ewes. When offspring from Con and NR ewes were mated as 2-yrolds, fewer (P < 0.0001) NR ewes produced a lamb (1 of 7) than Con ewes (7 of 7).
DISCUSSION
To the knowledge of the authors, this is the first demonstration of reduced ACTH and cortisol release to a stressful stimulus in female offspring of mothers that were NR from early to mid gestation. These data indicate that these offspring of NR mothers exhibit a reduced stress response compared with offspring from Con mothers. These data are consistent with data from rats and humans, in which fetal IUGR has been shown to be accompanied by a blunted cortisol release during a stressful stimulus (Kehoe et al., 2001; Schaffer et al., 2009) . In ruminant species, this reduced stress response could be a positive adaptation for animals subjected to a confined feeding setting such as a feedlot, or during transport, which are stressful situations. In contrast, for animals in a range setting, a reduced stress response could be a negative adaptation to predation, resulting in a reduced willingness to escape from a threat. The initiation of the stress response and the activation of the HPA axis are dependent on many structures within the central nervous system. The frontolimbic structures, amygdala, hippocampus, and ventromedial prefrontal cortex have been identified in modulating the response to stress and therefore the HPA axis (Sullivan and Gratton, 1999; McEwen and Magarinos, 2001; Vermetten and Bremner, 2002) . The amygdala exhibits an excitatory role in HPA axis function (Ma and Morilak, 2005) , and the hippocampus exhibits a mostly inhibitory role in HPA function (Root et al., 2009 ). The specific effects of an adverse intrauterine environment resulting in prenatal stress on brain development and regions of the central nervous system affected have been reviewed (Rees et al., 2008; Weinstock, 2008) . In rats, maternal protein restriction during gestation produces pups with a suppressed cortisol response, like the one observed in the present study, and an associated decrease in dopamine concentrations in the hippocampus to isolation at 9 d of age (Kehoe et al., 2001 ), thus indicating a enhanced inhibitory drive on the hypothalamus by the hippocampus. Maternal malnutrition in the rat has been shown to affect the medial prefrontal regions and the anterior cingulate of offspring (Rosene et al., 2004) . These 2 structures connect the telencephalic limbic system, containing the amygdala, to the hypothalamus. Altered activity in the amygdala and its pathways to the hypothalamus and an increased inhibitory drive on the hypothalamus by the hippocampus of the yearling NR offspring could be leading to decreased HPA axis activity after a perceived stressful event. Further research is needed, however, to confirm the specific brain structures and neurotransmitters involved.
The HPA axis of fetuses can be altered by maternal nutrient restriction during gestation (Hawkins et al., 2001; . These alterations in hypothalamic function resulting from early gestational maternal nutrition would be expected to result in alterations in hormonal output by the anterior pituitary gland, given the greater initial release of ACTH in response to a CRH/AVP challenge in offspring of NR vs. Con mothers. The increased initial release from the anterior pituitary gland Figure 1 . The ACTH (A) and cortisol (B) responses to a corticotrophin-releasing hormone/arginine vasopressin challenge in 1-yr-old offspring of control ewes fed 100% of NRC recommendations (Con; ■, n = 4) and nutrient-restricted ewes fed 50% of NRC recommendations (NR; ▲, n = 4). Area under the curve is depicted in the inset. *Indicates that the difference between means at a specific time point is significant (P < 0.05) between Con and NR offspring. Values are means ± SEM. For ACTH: treatment, P = 0.17; time, P < 0.0001; treatment × time, P = 0.10. For cortisol: treatment, P = 0.52; time, P < 0.0001; treatment × time, P = 0.95.
of ACTH in NR offspring, but no resultant increase in adrenal cortisol release when compared with Con offspring, may indicate altered adrenal responsiveness to ACTH in NR offspring. This hypothesis is not consistent, however, with the lack of difference in cortisol release after ACTH infusion in Con and NR offspring. This lack of difference in adrenal sensitivity to ACTH was supported by a similar cortisol release in Con and NR offspring during the CRH/AVP challenge. These observations are further supported by the findings of Bloomfield et al. (2003) who reported that 30-mo-old offspring from ewes exposed to brief bout of undernutrition from d 105 to 115 of gestation, exhibited an increased ACTH response, but no differences in cortisol release when compared with offspring from control fed mothers. In contrast, Gardner et al. (2006) reported decreased ACTH release and a tendency for reduced cortisol release after the same dose of CRH/AVP bolus infusion as was used in the current study in yearling female offspring born to ewes subjected to maternal nutrient restriction from d 1 to 30 of gestation compared with offspring of ewes fed to requirements. We suspect that the response of offspring to a CRH/AVP challenge may vary with the time in gestation at which the offspring experienced prenatal nutrient restriction. Age of NR offspring could also affect the ACTH and cortisol response to CRH. Chadio et al. (2007) reported that in the sheep the HPA axis is most sensitive to CRH at 2 mo of age and then becomes less sensitive with increased postnatal age. The lack of differences in cortisol release during the ACTH challenge in the present study indicates that the adrenocortical function is not affected by maternal undernutrition in yearling offspring, a finding supported by Gardner et al. (2006) , who reported no difference in cortisol release during an ACTH challenge in yearling offspring of ewes undernourished or fed 100% of requirements from d 0 to 30 of gestation. These findings indicate that function of the adrenal cortex is not directly affected by nutrient restriction during early and mid gestation in sheep.
The development of fetal ovaries has been shown to be delayed by maternal undernutrition in sheep and pigs (Borwick et al., 1997; Rae et al., 2001; Da Silva-Buttkus et al., 2003) . Specifically, ovarian follicle numbers have been shown to be reduced by maternal overnutrition (Da Silva et al., 2002 , and in our model of maternal undernutrition, oocytes from fetuses gestated by NR ewes had greater oxidative DNA damage compared with those from fetuses from Con ewes . In addition, maternal undernutrition of ewes during a similar stage of gestation as reported here increased the expression of genes that regulate apoptosis in late gestation fetal ovaries (Lea et al., 2006) and could lead to a reduced number of follicles in the ovaries postnatally. Grazul-Bilska et al. (2009) recently reported that maternal undernutrition from early to mid gestation decreased late gestation fetal ovarian vascular development, which could affect follicular quality. Furthermore, the ovaries of 10-mo-old female offspring of NR ewes during early and midgestation contained fewer large corpora lutea than offspring of ewes fed a control diet (Kotsampasi et al., 2009 who reported that, in adult cows, circulating progesterone was reduced in cows that had reduced antral follicle counts, a repeatable measure of ovarian follicular reserves, compared with cows that had greater antral follicle counts. The reduction in circulating progesterone observed in nonpregnant cows with reduced antral follicle counts is similar to the reduced progesterone secretion observed in the NR ewes in both years in this study. Reduced progesterone could lead to increased embryo mortality as seen in sheep and cows (Pope, 1988;  Figure 3. The ACTH (A) and cortisol (B) responses to a isolation stress test in 1-yr-old offspring of control ewes fed 100% of NRC recommendations (Con; ■, n = 4) and nutrient-restricted ewes fed 50% of NRC recommendations (NR; ▲, n = 4). Area under the curve is depicted in the inset. Values are means ± SEM. For ACTH: treatment, P = 0.15; time, P = 0.09; treatment × time, P = 0.72. For cortisol: treatment, P = 0.04; time, P < 0.0001; treatment × time, P = 0.34. Inskeep, 2004) and could explain the reduced lambing rate in the second year of life in this experiment and also the reduced lifetime reproduction rates in adult offspring of undernourished dams noted by Gunn et al. (1995) and Rhind et al. (1998) .
In conclusion, these data indicate that a bout of maternal nutrient restriction from early to mid gestation reduces female offspring stress response postnatally, as evidenced by decreased ACTH and cortisol production in response to a stressful stimulus, but does not markedly alter the endocrine responsiveness of the HPA axis to CRH/AVP and ACTH challenge. More importantly, perhaps, this study also demonstrates that female offspring subjected to a bout of maternal nutrient restriction during early development exhibited a marked reduction in fertility, in association with decreased progesterone concentrations in maternal blood. Investigation into the mechanism(s) responsible for this marked decrease in offspring fertility and progesterone secretory capacity is warranted. 
